Introduction {#sec1-1}
============

Antibiotic growth promoters (AGPs) have been used for around 60 years in agricultural animal production to enhance growth performance and protect health of animals \[[@ref1]-[@ref7]\]. AGPs have been supposed to enhance growth performance of poultry because it changes the intestinal tract, and hence, improving absorptive capacity \[[@ref8]\]. However, there are concerns that wider subtherapeutic use of AGP in animal feed can lead to the development of antibiotic resistance in human pathogens, which is considered as a potential risk for humans if it is transferred from animal to human microbiota \[[@ref9],[@ref10]\]. Thus, poultry producers are looking for strategies to allow them to reduce or eliminate the use of AGP in poultry production. As a consequence, there is growing demand for alternatives to the subtherapeutic use of antibiotics which are able to sustain or improve broiler performance and the safety of poultry products.

Propolis is a sticky gummy resinous material that worker honeybees (*Apis mellifera*) collect from young shoots and buds of certain trees and shrubs and mix with wax and salivary enzymes \[[@ref11]\]. Propolis possesses flavonoids, aromatic acids, caffeic acids, terpenes, and phenolic compounds with proven various biological activities such as antibacterial \[[@ref12]-[@ref14]\], antiviral \[[@ref15]\], antifungal \[[@ref16]\], anti-inflammatory \[[@ref17]\], analgesic and tissue regenerative \[[@ref18]\], antioxidant \[[@ref19],[@ref20]\], and cytostatic and hepatoprotective activities \[[@ref19]\].

Khojasteh and Shivazad \[[@ref21]\] reported the beneficial effects of ethanolic extract of propolis on broilers performance indices but later in another study Kleczek *et al*. \[[@ref22]\] observed no significant effect of propolis on broiler performance or carcass traits. Eyng *et al*. \[[@ref23]\] reported a negative effect of feeding ethanolic extract of propolis to broilers on growth performance during the starter period and found no significant differences at 42 days of age. Caffeic acid and quercetin isolated from propolis did not seem to affect antibody production in rats \[[@ref12]\]. On the other hand, Freitas *et al*. \[[@ref24]\] showed that supplementation of propolis to laying hens enhanced the production of immunoglobulin (Ig) G specific to sheep red blood cell (SRBC) and natural antibodies and could be used to increase antigen-specific antibody responses to vaccines.

The objective of this study was to evaluate the effects of ethanolic extract of propolis on the growth performance, carcass traits, serum biochemistry, and humoral immune responses in broiler chickens.

Materials and Methods {#sec1-2}
=====================

Ethical approval {#sec2-1}
----------------

The Animal Care Committee of University of Isfahan reviewed and approved all procedures performed in the trial.

Propolis preparation {#sec2-2}
--------------------

Propolis was collected from hive of honey bee via plastic nets. A 30% propolis solution was prepared by mixing 700 ml of 96% ethyl alcohol and 300 g of propolis. The solution was kept in a container, in the absence of bright light, at room temperature and it was shaken twice a day. After 2 weeks, the extract was filtered, and final concentration was evaporated by vacuum evaporator at 35°C.

Determination of total phenolic contents {#sec2-3}
----------------------------------------

The total polyphenols in the ethanolic extract of propolis were determined according to the method described by Pierpoint \[[@ref25]\].

Animals and dietary treatments {#sec2-4}
------------------------------

312 1-day-old as-hatched Ross 308 broilers were weighed at the time of arrival and randomly assigned to 6 treatments, each with 4 replicate pens of 13 chicks. The following treatments were applied: A corn-soybean meal basal diet containing no additives ([Table-1](#T1){ref-type="table"}) as the negative control (C), the diet C + 4.5 mg flavophospholipol/kg as a positive control, or the diet C + 50, 100, 200 or 300 mg ethanolic extract of propolis/kg of diet.

###### 

The ingredient and calculated composition of basal starter, and grower diets (as-fed basis).

  Item                                                    Starter (1-21 days)   Grower (22-42 days)
  ------------------------------------------------------- --------------------- ---------------------
  Ingredient (as fed), g/kg                                                     
  Corn                                                    560                   580
  Soybean meal 44% CP                                     389                   350
  Soybean oil                                             10                    34
  Mono-calcium (15% Ca), phosphate (23% P)                13                    9.3
  CaCO~3~                                                 17.3                  17
  NaCl                                                    3.5                   3.3
  Trace mineral premi×^[1](#t1f1){ref-type="table-fn"}^   2.7                   2.7
  Vitamin premi×^[2](#t1f2){ref-type="table-fn"}^         2.7                   2.7
  DL-methionine                                           1.8                   1
  Calculated composition, g/kg                                                  
  Metabolizable energy, kcal/kg                           2825                  3030
  CP                                                      204                   189
  Calcium                                                 9.8                   9.0
  Available phosphorus                                    4.4                   3.5
  Methionine+cysteine                                     8.7                   7.4
  Lysine                                                  11.9                  10.9

The mineral premix provided the following per kilogram of diet: 120 mg of Zn from ZnSO~4~, 120 mg of Mn from MnSO~4~, 80 mg of Fe from FeSO~4~5H~2~O, 10 mg of Cu from CuSO~4~, 2.5 mg of I from CaIO~4~, 1 mg of Co from CoSO~4~, and 0.2 mg of Se from Na~2~SeO~3~.

The vitamin premix provided the following per kilogram of diet: 13,200 IU of vitamin A, 4,000 ICU of vitamin D, 66 IU of vitamin E, 39.6 µg of vitamin B~12~, 13.2 mg of riboflavin, 110 mg of niacin, 22 mg of D-pantothenate, 0.4 mg of vitamin K; 2.2 mg of folic acid, 4.0 mg of thiamin; 7.9 mg of pyridoxine, 0.253 mg biotin, and 100 mg of ethoxyquin. CP=Crude protein

The basal diet was formulated to meet or exceed the NRC (1994) nutrient specifications for broilers \[[@ref26]\]. The feeding program included a starter diet from 1 to 21 days (2825 kcal ME/kg, 20.4% crude protein \[CP\]), followed by grower diet from 22 to 42 days (3,030 kcal ME/kg, 18.9% CP). The trial was conducted in pens (120 cm × 120 cm × 80 cm) for 6 weeks and water and feed were provided *ad libitum* intake throughout the entire trial period. The photoschedule consisted of a period of 23-h light and 1 h of darkness for the duration of the experiment. Broilers were kept in a temperature-controlled house at 32°C from day 1 to 7, 29°C for day 8 to 14, 26°C for day 15 to 21, and 22° for day 22 to the end of the trial.

Performance and carcass components {#sec2-5}
----------------------------------

Body weights (BW) and mortality of broilers were recorded at 21 and 42 days of age. Daily weight gain (DWG) and daily feed intake (DFI) were measured at the end of weeks 3 and 6, and feed conversion ratio defined as DFI/DWG (g: g) was calculated accordingly.

At 42 days of age, 2 male birds from each replicate were randomly chosen, placed in transportation coops, weighed, and then killed by cervical dislocation. Carcass yields were determined as the carcass weight (free from the head, feet, abdominal fat pad, and viscera) in relation to live weight. Abdominal fat, heart, liver, pancreas, and cecum weights were determined and expressed as a percentage of BW.

Immunity {#sec2-6}
--------

At 9 days of age, broiler chicks were administered subcutaneously on the dorsal region of the neck with 0.2 ml of the Newcastle disease (NDV) and avian influenza (AI; subtype H9) inactivated vaccine and live vaccine strain Lasota of the NDV at 21 days of age (orally). Antibody titers against NDV, avian influenza virus (AIV), and SRBC, and heterophil to lymphocyte (H: L) ratio were measured as immune responses. At 25 days of age, 2 cockerels within each replicate were inoculated intravenously with 1 ml of 1% SRBC. Six days after injection, chicks were bled and antibody titers were determined. Total SRBC antibody was expressed as the log~2~ of the reciprocal of the last dilution which agglutination was observed \[[@ref27]\]. At 28 days of age, blood was obtained from 2 cockerels and plasma was tested for detecting antibody to NDV and AIV antigens, via the hemagglutination inhibition methods (HI), HI antibody titer of the serum was converted to log~2~.

At 42 days of age, 8 birds per treatment were used for determining H: L ratio. Blood samples were taken from brachial veins using syringes containing heparin as anticoagulant. Blood smears were prepared using May-Grunwald-Giemsa stain \[[@ref28]\]. The number of H and L were counted to a total of 60 cells, and the H: L ratio was calculated \[[@ref29]\].

Serum biochemistry {#sec2-7}
------------------

At 42 days of age, after 12 h of fasting, approximately 2 ml of blood per bird was collected via brachial vein with commercial vacuum tubes into tubes without lithium heparin and incubated at 37°C for 2 h, centrifuged at 2000 ×*g* at 8°C for 10 min (SIGMA 4-15 Lab Centrifuge, Germany) and serum was separated for biochemical analysis. Two replicate serum samples per pen were analyzed for triglyceride, total cholesterol, high-density lipoprotein (HDL) and low-density lipoprotein (LDL), and cholesterol using the kit package (Pars Azmoon Co; Tehran, Iran).

Statistical analysis {#sec2-8}
--------------------

The data were subjected to analysis of variance procedures appropriate for a completely randomized design using the general linear model procedures of SAS \[[@ref30]\]. Means were compared using Tukey test. Statements of statistical significance are based on p\<0.05.

Results {#sec1-3}
=======

Total phenolic content {#sec2-9}
----------------------

The ethanolic extract used in this trial contained 173.6 mg/g of total polyphenols.

Performance and carcass traits {#sec2-10}
------------------------------

Data on performance indices are summarized in [Table-2](#T2){ref-type="table"}. Broiler BW did not differ between the experimental treatments at days 21 (starter period), though it tended to enhance in broilers fed diets containing antibiotic or different levels of ethanolic extract of propolis. Similarly, during the grower phase (22-42 days), BW of broilers was not statistically affected by the treatments, though it tended to increase in broilers fed diets containing antibiotic or different levels of ethanolic extract of propolis. There were no significant differences in DFI between treatments, during starter period. Treatments did not induce any significant impact on DFI in growth period as well as the whole experiment (1-42 days) although broilers fed diets supplemented with antibiotic or different levels of ethanolic extract of propolis had a marginally higher DFI in comparison with the control group. During starter and grower phases as well as for the whole trial, broilers fed diet supplemented with 200 mg/kg ethanolic extract of propolis had better feed: Gain values compared with other groups, whereas the results were not statistically significant. No significant (p\>0.05) differences due to treatment effects were observed on mortality.

###### 

Effect of experimental diets on performance indices of broilers at different ages.

  Item               Experimental treatment   SEM                                     
  ------------------ ------------------------ ------- ------- ------- ------- ------- ------
  BW, g                                                                               
   Day 21            617.5                    632.1   613.5   646.5   634.6   618.6   17.2
   Day 42            2164                     2252    2248    2285    2189    2223    63.8
  DFI, g/day                                                                          
   Day 1-21          45.2                     45.7    45.7    46.4    45.1    45.7    0.7
   Day 22-42         147.3                    152.1   154.0   154.0   144.3   153.8   5.85
   Day 1-42          95.7                     99.1    100.1   100.2   99.6    98.5    3.9
  Feed: gain, g: g                                                                    
   Day 1-21          1.66                     1.63    1.63    1.62    1.60    1.66    0.1
   Day 22-42         2.00                     1.97    2.00    2.00    1.94    2.01    0.05
   Day 1-42          1.89                     1.87    1.88    1.91    1.84    1.91    0.04

SEM=Standard error of mean, BW=Body weight, DFI=Daily feed intake

[Table-3](#T3){ref-type="table"} shows relative weight means of organs as a percentage of live weight. In the current trial, carcass yield and internal organs relative weights were not significantly affected by the dietary treatments except for relative weight of abdominal fat pad that decreased in broilers supplemented with antibiotic.

###### 

Effect of experimental treatments on carcass yield and internal relative organ weight of broilers at 42 days of age.

  Relative organ weight (%)   Experimental treatment   SEM                                                  
  --------------------------- ------------------------ --------- --------- ---------- ---------- ---------- ------
  Carcass,                    70.0                     70.1      69.19     71.0       69.1       71.1       1.15
  Abdominal fat,              1.53^ab^                 1.34^b^   1.83^a^   1.66^ab^   1.56^ab^   1.64^ab^   0.23
  Liver,                      2.19                     2.33      2.34      2.39       2.29       2.14       0.20
  Heart,                      0.56                     0.63      0.55      0.60       0.58       0.58       0.04
  Pancreas,                   0.23                     0.24      0.25      0.24       0.24       0.24       0.04
  Cecum,                      0.58                     0.53      0.62      0.64       0.62       0.63       0.10

^a,b^Values in the same row not sharing a common superscript differ (p\<0.05). SEM=Standard error of mean

Immune responses {#sec2-11}
----------------

The effect of experimental treatments on humoral immune responses is presented in [Table-4](#T4){ref-type="table"}. This should be rephrased to "there was no effect of dietary treatment on immune related parameters assessed including antibody titers against NDV, AI, SRBC, and H: L ratio treatments."

###### 

Effect of experimental treatments on antibody titers against Newcastle and Influenza viruses at 28 days of age and SRBC at 31 days of age, and H/L and albumin to globulin ratios at 42 days of age.

  Item                  Experimental treatment   SEM                                
  --------------------- ------------------------ ------ ------ ------ ------ ------ ------
  New castle (log~2~)   7.25                     7.10   6.75   6.36   6.72   6.90   0.5
  Influenza (log~2~)    5.25                     4.50   5.35   4.72   5.36   4.60   0.75
  SRBC (log~2~)         7.75                     6.80   7.15   6.54   7.27   7.10   0.87
  H/L                   0.44                     0.51   0.48   0.46   0.49   0.46   0.04

SEM=Standard error of mean, H/L=Heterophil to lymphocyte ratio, SRBC=Sheep red blood cells

Serum biochemistry {#sec2-12}
------------------

[Table-5](#T5){ref-type="table"} summarizes the impact of treatments on serum constituents at day 42 of age. None of the serum biochemical parameters tested were significantly affected by the experimental treatments (p\>0.05); though broilers receiving 100 mg/kg ethanolic extract of propolis had higher HDL-cholesterol and lower triglyceride concentrations compared with other groups.

###### 

Effect of dietary treatments on serum biochemical parameters of broilers at 42 days of age.

  Item                           Experimental treatment   SEM                          
  ------------------------------ ------------------------ ----- ----- ----- ---- ----- -------
  Triglyceride, mg/100 mL        73                       56    61    57    65   73    9.50
  Total cholesterol, mg/100 mL   98                       106   106   111   97   111   9.03
  LDL-cholesterol, mg/100 mL     26                       29    29    32    28   31    4.60
  HDL-cholesterol, mg/100 mL     79                       81    84    97    77   88    11.20

SEM=Standard error of mean, LDL=Low-density lipoprotein, HDL=High-density lipoprotein

Discussion {#sec1-4}
==========

In this study, neither antibiotic nor propolis affected the performance of broilers. Similar to our results, Kleczek *et al*. \[[@ref22]\] reported that use of Flavomycin or propolis failed to have any effect on performance of broilers, which is in contrast with the findings of Attia *et al*. \[[@ref31]\] who reported that use of propolis continuously or intermittently enhanced BW and improved feed: Gain during the entire period of the study in comparison with the control. Roodsari *et al*. \[[@ref32]\] reported that dietary supplementation of propolis increased final BW and improved feed: Gain compared with those fed basal diet. In this study, there was no significant effect of supplementation with flavophospholipol. This is in contrast to the response reported by other authors \[[@ref1],[@ref2],[@ref33],[@ref34]\]. Coates *et al*. \[[@ref35]\] reported that supplementation of broiler chickens with antibiotics in a germ-free environment could not improve growth as compared to those raised in conventional environment, leading the researchers to conclude that antibiotics decreased growth of pathogenic bacteria responsible for growth depression. Thus, it seems that in our study propolis or antibiotic could not induce any positive effects on growth performance due to the hygienic status of the trial.

In this study, there was no significant effect of experimental treatment on carcass traits except for abdominal fat pad, which decreased in broilers supplemented with antibiotic. Our findings on carcass characteristics are also in accord to those of Torki *et al*. \[[@ref36]\] who did not report any significant influence of ethanol extract of propolis on the relative weights of the breast, legs, liver, heart, abdominal fat pad and gall bladder, at slaughter age in broilers. Denli *et al*. \[[@ref37]\] also reported that there were no significant differences in relative weight of carcass, abdominal fat, liver, gizzard, proventriculus, and small intestine of quails fed diets supplemented with different levels of propolis. Seven *et al*. \[[@ref38]\] reported that administration of ethanol extract of propolis could improve carcass yield of broilers raised under heat stress condition. In this trial, the lack of significant influence of the propolis on carcass traits could be attributed to the highly digestible basal diet and/or the ideal conditions of the experiment.

There was not effect of treatment on immune related parameters in this trial. The antibody levels are some indices for humoral immune responses; so, the results indicated that the supplementation of ethanolic extract of propolis was not effective for improving humoral immunity in birds. In accordance with our results, Eyng *et al*. \[[@ref39]\] reported that the addition of 1-4% of propolis extraction residue containing polyphenols and flavonoids to broiler diets was not capable of promoting immune responses; however, several trials have indicated that propolis is able to improve Ig production \[[@ref40]-[@ref42]\] and can be used as adjuvant in vaccines to improve immunogenicity. It seems that in the current trial ethanolic extract of propolis could not increase antibody titers because of the levels used were not enough to improve immune responses of broiler chicks.

Fuliang *et al*. \[[@ref43]\] reported that supplementation of ethanol and water extracts of propolis decreased total cholesterol, triglyceride, LDL-cholesterol, very LDL cholesterol, and increased HDL-cholesterol in serum of fasting rats. Denli *et al*. \[[@ref37]\] reported that broilers received Turkish propolis in the diet tended to have higher serum HDL and lower serum LDL. The enhancement of serum HDL cholesterol by addition of 100 mg/kg ethanolic extract of propolis observed in the current trial might be due to the reduction of synthetic enzyme activities. However, further research is needed to clarify the mechanism of hypolipidemic actions of propolis.

Conclusion {#sec1-5}
==========

In this experiment, there was no significant effect of dietary supplementation with ethanolic extract of propolis on performance of broiler chickens. Supplementation with ethanolic extract of propolis resulted in favorable effects on blood chemistry although the results were not statistically significant. The results of this trial suggest that further research is justified.
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